Context. Molecular clouds trace the spiral arms of the Milky Way and all its star forming regions. Large-scale mapping of molecular clouds will provide an approach to understand the processes that govern star formation and molecular cloud evolution. Aims. As a part of the Milky Way Imaging Scroll Painting (MWISP) survey, the aim is to study the physical properties of molecular clouds and their associated star formation toward the Galactic plane within 216.25
Introduction
Molecular clouds are also known as stellar nurseries because they are the densest parts of the interstellar medium that may gravitationally collapse, and thus create protostars (e.g., Shu et al. 1987; Kennicutt & Evans 2012) . Molecular clouds comprise a significant fraction of the total mass of interstellar matter in the Milky Way (e.g., Tielens 2005) . CO is regarded as a good tracer for molecular clouds. CO observations of the face-on spiral galaxy M51 have shown that molecular clouds correlate well with the spiral arms (e.g., Schinnerer et al. 2013) . Resolving molecular clouds in the Milky way can provide information about the spiral arms, while similar physical spatial resolution cannot be easily achieved toward most of external galaxies. A very recent large-scale CO survey has shown the fact that the Scutum-Centaurus Arm might be extended to the outer second quadrant (Sun et al. 2015) . Furthermore, a large-scale survey is essential to improve our understanding of the properties of molecular clouds and large-scale processes that govern star formation, molecular cloud evolution, feedback, etc. (e.g., Binney et al. 1991; Dame et al. 2001; Li et al. 2013; Zhang et al. 2014; Zhou et al. 2014; Ragan et al. 2014; Su et al. 2014 Su et al. , 2015 . Therefore, it is very important to study the large-scale properties of molecular clouds and their associated star-forming activities.
We here present a new survey toward molecular clouds within 216.25
• ≤ l ≤ 218.75
• and −0.75
• in the J=1-0 rotational transitions of three main CO isotopologs ( 12 CO, 13 CO and C 18 O) . This region is part of a molecular cloud complex to the north of the Maddalena cloud (Maddalena & Thaddeus 1985) . Figure 1 shows an overview of our surveyed region. This region hosts the bright optical HII region S287, which was first discovered by Sharpless (1959) . It is ionized by the O9.5V star LS VI −04 19 (Avedisova & Kondratenko 1984) . Another four molecular clouds associated with optical HII regions BFS 56, BFS 57, BFS 58, and BFS 59, were found by Blitz et al. (1982) . Of these, BFS 57, also known as the bipolar nebula NS 14 (with a size of 80 ′′ ; Neckel & Staude 1984) , is illuminated by a trapezium system of four stars with spectral types B0.5, B1, B9, and A5 at a distance of 2.3 kpc (Howard et al. 1998) . Moreover, the stellar association Mon OB3 lies south of the region (Mel'Nik & Efremov 1995; Mel'Nik & Dambis 2009) , and the open cluster NGC 2311 is located at (l = 217.7579
• , b = −0.6916 • ) (Kharchenko et al. 2005; Buckner & Froebrich 2013) . There have been some previous CO surveys toward this region. Five CO wings, indicative of molecular outflows, have also been found in the region (Fukui 1989; Yang et al. 2002) . The area was first mapped by a large, unbiased 12 CO (1-0) Galactic survey with a beam width of ∼8 ′ (Dame et al. 2001) . The region was further investigated by the Nagoya-4m 13 CO (1-0) survey with a beam width of 2 ′ .7 (Kim et al. 2004) , and three peaks with 13 CO (1-0) integrated intensities > 1 K km s −1 were identified. An area of 1.5 square degrees associated with the HII region S287 has been mapped in 12 CO (1-0) and 13 CO (1-0) with the FCRAO-14m telescope (Lee 1994) . The cloud associated with S287 was highly disturbed, and it was inferred that triggered star formation might occur in the cloud. Here, we observe not only a larger area of 3.75 square degrees with a higher sensitivity and a wider velocity coverage than the previous FCRAO survey, but we also simultaneously provide three main CO isotopologs ( 12 CO, 13 CO, and C 18 O; details are presented in Sect. 2). The three J=1-0 rotational transitions can be used to study molecular gas from low-(∼10 2 cm −3 ) to high-density regions (∼10 4 cm −3 ) because of their different abundances with respect to H 2 . Furthermore, the region is mapped in C 18 O (1-0) for the first time, and the distribution of young stellar objects (YSOs) in this region has not been studied before.
Observations and data reduction

PMO-13.7m CO observations
This work is based on the Milky Way Imaging Scroll Painting (MWISP 1 ) project which is dedicated to the large-scale survey of molecular gas along the northern Galactic Plane. The simultaneous observations of 12 CO (1-0), 13 CO (1-0), and C 18 O (1-0) toward molecular clouds within 216.25
• and −0.75 • ≤ b ≤ 1.25
• were carried out with the PMO-13.7m telescope 2 , located at Delingha (3200 m altitude) in China, from April 20 to May 9 2012. Supplementary observations were conducted on September 28 2012. The observations took about 51 hours in total to cover 15 cells (3.75 square degrees), each of which is 30 ′ × 30 ′ . The 3 × 3-beam Superconducting Spectroscopic Array Receiver (SSAR) system was used as front end. Each fast Fourier transform spectrometer (FFTS) with a bandwidth of 1 GHz provides 16384 channels and a spectral resolution of 61 kHz, equivalent to a velocity coverage of ∼2600 km s −1 and a velocity resolution of ∼0.17 km s −1 at 110 GHz. The detailed properties of this system are described in Shan et al. (2012) . A specific local oscillator (LO) frequency was carefully selected so that the upper sideband is centered at the 12 CO (1-0) line and the lower sideband is able to cover the 13 CO (1-0) and C 18 O (1-0) lines. Observations are conducted in position-switch on-the-fly (OTF) mode, scanning the region at a rate of 50 ′′ per second with a dump time of 0.3 seconds. Each cell was scanned at least in two orthogonal directions, along the Galactic longitude and the Galactic latitude, to reduce scanning effects.
All cells were reduced with the GILDAS 3 software including CLASS and GreG. We used the routine XY MAP in CLASS to regrid raw data and then convert them into fits files. The pixel size of these fits files is 30 ′′ ×30 ′′ . Using these standard fits files from the survey, we combined related data to make up the final region.
1 http://www.radioast.nsdc.cn/mwisp.php 2 The PMO-13.7 m telescope is operated by the Purple Mountain Observatory (PMO).
3 http://www.iram.fr/IRAMFR/GILDAS The antenna temperature (T A ) was calibrated by the standard chopper-wheel method (Ulich & Haas 1976) . All the intensities throughout the paper are converted to a scale of main beam temperatures with the relation T mb = T A /B eff , where the beam efficiency B eff is 46% at 115 GHz and 49% at 110 GHz according to the status report 4 of the PMO-13.7m telescope. The calibration accuracy is estimated to be within 10%. Typical system temperatures were 191-387 K at the upper sideband, and 142-237 K at the lower sideband. The typical sensitivity is about 0.5 K (T mb ) for 12 CO (1-0), and 0.3 K (T mb ) for 13 CO (1-0) and C 18 O (1-0) at a channel width of ∼ 0.17 km s −1 . The beam widths are about 55 ′′ and 52 ′′ at 110 GHz and 115 GHz, respectively. The pointing of the telescope has an rms accuracy of about 5 ′′ . Throughout this paper, velocities are all given with respect to the local standard of rest (LSR).
Archival data
We obtained infrared data from the Wide-field Infrared Survey Explorer (WISE) which mapped the full sky at 3.4, 4.6, 12, and 22 µm (W1, W2, W3, W4) (Wright et al. 2010) . Using the WISE infrared data in combination with the J, H, K s band data of the Two Micron All Sky Survey (2MASS) (Skrutskie et al. 2006) , we searched for the disk-bearing YSO candidates in the studied region (details are described in Sect. 3.4). We made use of the Bolocam Galactic Plane Survey (BGPS) of 1.1 mm dust continuum emission Aguirre et al. 2011; Ginsburg et al. 2013 ) to study dust clumps and the dense gas mass fraction of molecular clouds (details are described in Sects. 3.3 and 4.4). In the following text, the dust emission image is convolved with a Gaussian kernel of 44 ′′ to achieve a better signal-to-noise ratio, but the final angular resolution becomes 55 ′′ , coarser than the original beam size of 33 ′′ .
Results
Properties of molecular clouds
The 12 CO (1-0) intensity-weighted velocity map (see Fig. 2a ) shows multiple clouds overlapping along the light of sight toward the surveyed region. In the longitude-velocity diagram (see Fig. 2b ), we identify three molecular clouds, designated as the 15 km s −1 cloud, the 27 km s −1 cloud, and the 50 km s −1 cloud. It is worth noting that the 50 km s −1 cloud has not been reported by the previous FCRAO study (Lee 1994) , but was detected in previous HI and CO studies with poor angular resolution(>8 ′ , Williams & Maddalena 1996; Dame et al. 2001 ). Thus, the 50 km s −1 cloud is resolved with an angular resolution of ∼1 ′ for the first time. Following the method of Solomon et al. (1987) , the Galactic coordinates of the three clouds were calculated with l = ΣT i l i /ΣT i and b = ΣT i b i /Σb i , where l i and b i are the Galactic coordinates of pixel i, and T i is the intensity of pixel i. The velocities were taken to be the Gaussian fit velocities of the average 13 CO (1-0) spectra. Based on the Galactic coordinates and the measured velocities of the clouds, we calculated their kinematics distances with the Galactic rotation curve (the spatial-kinematic model A5 of Reid et al. 2014) . We also estimated their Galactocentric radii (D GC ) and heights (H) from the Galactic mid-plane. These results are listed in Table 1 . Our distance estimate of the 27 km s −1 cloud is roughly consistent with values in previous studies (e.g., Avedisova & Kondratenko 1984; Lee 1994; Howard et al. 1998) . Their small heights from the Galactic mid-plane suggest that they are within in the molecular disk of the Milky Way (the FWHM thickness of the molecular disk is larger than 100 pc at a Galactocentric radius larger than 9 kpc, Heyer & Dame 2015) . Based on the fitted spiral arms of the Milky Way (Table 2 of Reid et al. 2014 ) and the derived positions of the three clouds (see Table 1 ), we find that the 15 km s −1 cloud is located at the interarm between the Local arm (predicted to be D GC =8.53±0.17 kpc at the Galactocentric azimuth, where the error value is half the width of the arm; this is the same for the following cases) and the Perseus arm (predicted to be D GC =10.17±0.19 kpc at the Galactocentric azimuth); the 27 km s −1 cloud is located at the Perseus arm (predicted to be D GC =10.07±0.19 kpc at the Galactocentric azimuth); the 50 km s −1 cloud belongs to the Outer arm (predicted to be D GC =13.24±0.32 kpc at the Galactocentric azimuth).
We used the intensity-weighted radius to characterize the size of the molecular clouds. The intensity-weighted radius is defined as < r >= ΣW i r i /ΣW i , introduced by Ungerechts et al. (2000) , where W i is the integrated intensity of pixel i, and r i is the measured distance relative to the centroid. Here, we took the 13 CO (1-0) intensity-weighted radius for the following analysis. The FWHM line widths of clouds were taken to be those of the 13 CO (1-0) average spectra. The line widths are supersonic, suggesting that turbulent motions are dominant in the molecular clouds. To derive the physical properties of the clouds, we employed two methods to obtain the H 2 column density. For the first method, we used the X-factor (X CO ) to convert the 12 CO (1-0) integrated intensity into the H 2 column density. Although X CO can vary from 0.9×10 20 cm −2 (K km s , Heiderman et al. 2010 ), we chose a X CO of 2.8×10 20 cm −2 (K km s −1 ) −1 to be consistent with Kennicutt (1998) for the following discussion (see Sect. 4.1). We then derived the total cloud masses with formula (A.1) by integrating over the areas (Col. 5 in Table 2 ) of the 12 CO (1-0) emission with signal-to-noise ratios higher than 3. In the second method, we assumed that all molecular gas are in local thermodynamic equilibrium (LTE). We derived the excitation temperature from the optically thick 12 CO (1-0) line. With this value and the 13 CO (1-0) line parameters, we then also determined the opacity and the 13 CO column density. Milam et al. (2005) (Frerking et al. 1982) . Following the formula (A.1) and assuming that 13 CO (1-0) is optically thin (based on the result of Appendix B), we estimated the LTE masses of the clouds by integrating over the areas (Col. 8 in Table 2 ) of the 13 CO (1-0) emission with signal-to-noise ratios higher than 3. These properties are listed in Table 2 . Taking the distance difference into account, the LTE mass of the 27 km s −1 cloud derived from 13 CO agrees with the previous FCRAO study (Lee 1994) . The surface density was calculated by dividing the mass by the area. The difference of the surface densities derived from 12 CO and 13 CO is within a factor of 2. Furthermore, the derived H 2 surface densities of the 27 km s −1 cloud are similar to those (49 M ⊙ pc −2 -105 M ⊙ pc −2 ) of nearby clouds (Heiderman et al. 2010) and slightly higher than the median value (42 M ⊙ pc −2 ) of molecular clouds in the Galactic Ring Survey (Heyer et al. 2009 ). The 15 km s −1 cloud, which lies in the interarm, has an excitation temperature, line width, surface density, and cloud mass similar to some clouds in the spiral arms (Rathborne et al. 2009; Eden et al. 2013) , indicating that the spiral-arm structure may have little effect in altering properties of molecular clouds. Figure 3a displays the three clouds that overlap along the light of sight. Figures 3b-3d show the decomposed spatial distribution of the 15 km s −1 cloud, the 27 km s −1 cloud, and the 50 km s −1 cloud. Overall, the morphologies of the 13 CO (1-0) integrated intensity resemble those of the 12 CO (1-0) integrated intensity, but the 12 CO emission is more extended, tracing more diffuse molecular gas. The three clouds are characterized by several subregions whose names are labeled in Figs. 3b-3d for further analyses of their spatial distributions and velocity structures below. Furthermore, we identify four molecular shells in the mapped regions. In this work, only large-scale shell-like structures are taken into account. Molecular shells are identified through visual investigation of their morphology and velocity structures. The shells are only identified if they show shell-like morphology in their integrated-intensity maps and show blueand red-shifted velocity components in p-v diagrams.
Spatial morphology and velocity structure
The 15 km s −1 cloud.-This cloud has two subregions, island I and stream (see Fig. 3b ). Island I is located south of the 27 km s −1 cloud. The p-v diagram across island I (see Fig. 4 ) shows a velocity gradient of about 0.6 km s −1 pc −1 from north to south, which is presumably due to rotation or shear motion. On the other hand, Fig. 4b shows that the velocity dispersion becomes smaller from north to south, indicating that its southern part might be more perturbed. Stream has nearly the same velocity as the north of Island I, indicating that they are physically related and may be connected by more diffuse gas (e.g., HI gas).
The 27 km s −1 cloud.-The 27 km s −1 cloud has been studied by Lee (1994) . Nevertheless, we present an analysis of the cloud with a new perspective. We separated this cloud into four subregions, S287-main, island II, tail, and knots (see Fig. 3c ). Its 12 CO (1-0) intensity-weighted velocity map (see Fig. 5a ) presents a very complex velocity structure, which agrees with the conclusion that the cloud is highly disturbed (Lee 1994 ).
S287-main shows a filamentary structure and is the densest of the four subregions in the 27 km s −1 cloud. Based on the H 2 column density map derived from 13 CO (1-0), we extracted the highest H 2 column density line of the filament indicated by the purple solid line in Fig. 3c . S287-main measures 71 pc in length and 1.8 pc in width, resulting in an aspect ratio of about 39:1. These properties are similar to those of the filaments which are believed to be associated with Milky Way spiral arms (Wang et al. 2015) . The velocity map of S287-main shows a blueshifted velocity component in the center of the filamentary structure where the redshifted part shows a shell-like feature (shell-MonOB3, indicated by the solid black ellipse in Fig. 5a ). The stellar association Mon OB3 lies inside shell-MonOB3 and has a radial velocity of ∼27 km s −1 (Mel'Nik & Efremov 1995; Mel'Nik & Dambis 2009 ). Mon OB3 is therefore confirmed to be associated with S287-main. Shell-MonOB3 is likely due to the formation of Mon OB3 out of S287-main and the disruption by the feedback of Mon OB3. From Fig. 6 , we find that the interacting interface I (indicated in the intensity-weighted 12 CO (1-0) line width map, see Fig. 5b ) is swept up to the blueshifted panels (23-25 km s −1 ), while S287-main has clearly been split into two parts in the red-shifted panels (28-30 km s −1 ). Figure 5b shows large line widths around the S287 HII region and Mon OB3, which is likely due to the perturbation by the feedback of the S287 HII region and Mon OB3. Position-velocity dia- Notes. (a) The velocity is taken to be the Gaussian fit velocity of the 13 CO average spectrum. (b) The distance is estimated with the A5 model of Reid et al. (2014) . Table 2 . Derived cloud properties.
12 CO 13 CO Cloud 
Notes.
Column 1 gives the name of the selected clouds. Column 2 gives the median of excitation temperature (the detailed statistical results are described in Appendix B). Column 3 gives the intensity-weighted radius of the clouds. Column 4 gives the line width of the 13 CO average spectrum. The areas, surface densities, cloud masses derived from 12 CO and 13 CO are listed in Column 5-10.
grams across the interacting interface I and II (indicated by the arrow in Fig. 5b ) demonstrate that the line widths of the perturbed molecular gas are around 4 km s −1 (indicated by the white dashed boxes in both panels of Fig. 7 ), which is much larger than those (∼ 1-2 km s −1 ) of ambient gas. Two distinct velocity components at ∼22 km s −1 and ∼29 km s −1 , as shown in Fig. 7 , could just be the projection of swept-up clumpy gas on either side (front and back) of Mon OB3. This would be expected in the proposed feedback scenario mentioned above. We assume that the two velocity components in the position-velocity diagrams arise from the front and backside of expanding shells, and the expansion velocity is thus half the velocity separation. With this method, the expansion velocity of shell-MonOB3 is found to be 3.5 km s −1 . The uncertainty in the estimate of the expansion velocity is approximate ±1 km s −1 . We also note that the expansion velocity is a lower limit since they are only based on the velocity along the light of sight. Position and size of shell-MonOB3 is manually fitted with the ellipse shown in Fig. 5a . The properties of shell-MonOB3 are given in Table 3 . Figure 3c shows that most of the molecular gas in island II does not show much 13 CO (1-0) emission, suggestive of a low-density region. Island II might be fragmenting since its 12 CO (1-0) emission in the center is weaker than that farther outside. In the 21-22 km s −1 panels of Fig. 6 , island II is connected to S287-main by weak 12 CO (1-0) emission, indicating that Island II might be affected by the feedback of Mon OB3. Tail and knots are not covered by the previous FCRAO study because of their smaller sky coverage (Lee 1994) . Figure 5a shows that tail has a velocity of ∼20 km s −1 and is not aligned with the velocity gradient of the northern part of S287-main, indicating that tail and S287-main have different origins. Knots also displays a velocity gradient from north to south (see Fig. 5a ).
The 50 km s −1 cloud.-The 50 km s −1 cloud in Fig. 3d shows many cavity-like features, indicating that the cloud is highly perturbed by past activities. Around these cavities, we reveal three large molecular shells, labeled as shell A, shell B, and shell C. Figure 8a shows that there are no red-or blue-shifted components toward the center of the three shells, which suggests that they are ring-like rather than spherical. This is readily explained if their natal molecular clouds are approximately sheetlike (e.g., Hartmann 2009; Beaumont & Williams 2010) . From its 12 CO (1-0) intensity-weighted velocity map ( Fig. 8a ) and p-v diagrams ( Fig. 9 ), we can see that there are two velocity components (blue-and red-shifted) toward the three molecular shells, which is indicative of expansion. Using the same method for shell-MonOB3, we roughly estimate the expansion velocities of shell A, shell B, and shell C to be 4.0 km s −1 , 2.5 km s −1 , and 1.5 km s −1 , respectively. The ellipses used to fit the positions and sizes of the three shells are shown in Fig. 3d . The properties of the three molecular shells are given in Table 3 . The three shells have sizes larger than those driven by low-mass stars in the Perseus clouds (Arce et al. 2011) and those driven by HII regions (Beaumont & Williams 2010 ), but they are similar to some supernova remnants (SNRs) (Green 2014) . This indicates that they are driven by energetic sources. On the other hand, the difference of expansion velocities and sizes between the three molecular shells may result from their different dynamic ages or different energy inputs of driving sources. Furthermore, we find that 13 CO (1-0) emission mainly lies in the intersections between the three molecular shells (see Fig. 3d ), where molecular gas is more likely to be compressed. The intensity-weighted 12 CO (1-0) line width map (Fig. 8b ) shows large velocity dispersions at the edges of the shells, supporting the assumption that the edges are highly perturbed by the expansion of the three shells.
Clumps
Clumps are fundamental units of star formation (e.g., Bergin & Tafalla 2007) . We searched for C 18 O clumps because C 18 O can trace higher density gas than 13 CO because of its lower abundance. Moreover, the surveyed region is mapped in C 18 O (1-0) for the first time. The observations reveal seven C 18 O clumps that are all embedded in the filament S287-main (see Fig. 10 ). The observed properties of the seven clumps are obtained with Gaussian fits to corresponding spectra by assuming one velocity component. These results are listed in Table 4 . We find that the seven clumps are all within the 27 km s −1 cloud because of the coincidence on spatial distributions along the same line of sight as well as velocities, therefore we adopted a distance of 2.42 kpc for these clumps. All clumps lie along the H 2 highest column density line, except for clump C which is offset by 1.7 pc from the line. The size of each clump was fit using the C 18 O (1-0) integrated intensity map with the task "GAUSS 2D" in GILDAS, and the fit results are shown in Figs. 10b-10d . The deconvolved radii of the clumps are defined as
where A is the area of the fit ellipse, (Frerking et al. 1982) . Since the opacities of 13 CO (1-0) are higher than 0.4 in these clumps (see Table 5 ), the H 2 column densities derived from 13 CO are underestimated by a factor of at least 1.2. Thus, we only discuss the properties derived from C 18 O (1-0), which has opacities lower than 0.2. Assuming that the clumps are spheres with radius R cl , we obtain the average H 2 densities of the clumps. These physical parameters of C 18 O clumps are tabulated in Table 5 . From Table 4 , the observed C 18 O line widths of the clumps are larger than those (0.3 km s −1 -2.1km s −1 ) of low-mass protostars and pre-stellar cores (Jørgensen et al. 2002) , but similar to those clumps in infrared dark clouds (1.5 km s −1 -2.2 km s −1 , Zhang et al. 2011) . From Table 5 , the excitation temperatures derived from the peaks of 12 CO (1-0) spectra are found to be 16∼21 K with an average of 19 K, which is similar to the mean CO excitation temperature of ATLASGAL dust clumps dark at 8 µm (Giannetti et al. 2014 ) and the mean kinetic temperature of ATLASGAL dust clumps derived from low-J metastable ammonia inversion transitions (Wienen et al. 2012) . The LTE masses of the clumps are similar to those of ATLASGAL dust clumps (Giannetti et al. 2014) . The densities are found to be around ∼ 10 4 cm −3 . The virial parameters are estimated to be lower than 1. Thus, we suggest that these clumps are all supercritical and will collapse or must be supported against self-gravity, for instance, by magnetic fields. Furthermore, Figs. 10b-10d show that six of them are found to be associated with the Red MSX sources (RMSs) 5 which are believed to be massive young stellar object (MYSO) candidates (Lumsden et al. 2013 ). Clump A is 5 They are G217.3771-00.0828, G217.3020-00.0567, G217.2558-00.0306, G217.6282-00.1827, G217.0441-00.0584, G218.0230-00.3139A, G218.0230-00.3139B, G218.1025-00.3638, and G218.1472-00.5656 from the RMS catalog (Lumsden et al. 2013 ). According to their spatial distribution and velocity information (Urquhart et al. 2008a,b; Lumsden et al. 2013) , eight of them are found to be associated with the 27 km s −1 clouds while one of them is associated with the 50 km s −1 clouds. the only C 18 O clump that is not associated with MYSO candidates. This is probably because clump A is still at an early evolutionary stage or its embedded infrared sources are not luminous enough to be detected by MSX.
In the BGPS 1.1 mm source catalog (Table 1 of Rosolowsky et al. 2010) , we find 15 dust clumps in the surveyed region, 12 of which match the highest H 2 column density line of the filament S287-main very well (see Fig. 11a ). We made use of 13 CO spectra at the corresponding pixels of dust clump central positions to obtain the velocities and line widths of the dust clumps that are listed in Table 6 . As a result, 14 dust clumps are located in the 27 km s −1 cloud while the dust clump D2 is associated with the 50 km s −1 cloud. We therefore used a distance of 5.40 kpc for dust clump D2. Assuming a gas-to-dust ratio of 100, the H 2 column densities can be calculated from flux densities of the BGPS 1.1 mm dust emission using the following formula (e.g., Hildebrand 1983; Kauffmann et al. 2008) :
where F ν denotes the flux density, µ is the mean molecular weight per hydrogen molecule which is taken to be 2.8, and m H is the mass of a hydrogen atom, κ ν represents the dust absorption coefficient at 1.1 mm, taken to be 1.14 cm 2 g −1 given by Dunham et al. (2010) , who logarithmically interpolated the dust opacities (Table 1 , Col. 6, dust with thin ice mantles coagulating for 10 5 yr at a gas density of 10 6 cm −3 , Ossenkopf & Henning 1994) to the BGPS 1.1 mm band with the emissivity of the graybody spectrum applied, B ν (T d ) is the Planck function for a dust temperature T D , Ω beam is the beam solid angle. The total dust clump mass is derived from the integrated flux density over the target:
where D is the distance, and S int is the integrated flux density. With a dust temperature of 20 K, the beam-averaged column density and the dust clump mass were derived. With the same method for C 18 O clumps, we also obtained the number density and virial parameters for the dust clumps. These properties are tabulated in Table 6 . Seven of the dust clumps have virial parameters larger than 2, which indicates that they are subcritical. This suggests that these dust clumps might be confined by external pressure. Comparing the dust clumps and the C 18 O clumps, we find that six of the dust clumps are associated with C 18 O clumps (see Fig. 11b-d) . For D7 and D15, which have high masses but no C 18 O counterparts, this is most likely due to the C 18 O depletion as observed in B68 (Bergin et al. 2002) , since they show narrower line widths than dust clumps that have C 18 O counterparts. The other seven have no C 18 O counterparts, which mainly arises from the relatively poor sensitivity of C 18 O.
Following previous studies (e.g., Kauffmann et al. 2010; Urquhart et al. 2013) , we also studied the mass-size relation for the C 18 O clumps and the dust clumps, which is shown in Fig. 12 . All of the C 18 O clumps are found to have surface densities higher than the empirical lower bounds for massive star formation (Kauffmann et al. 2010; Urquhart et al. 2013 ). This further supports that the C 18 O clumps have the potential to form massive stars. The dust clumps all lie above the empirical lower bounds for massive star formation of Urquhart et al. (2013) , while four of them lie in the low-mass star formation shaded region by Kauffmann et al. (2010) . Consequently, at least, eleven of the dust clumps have the potential to form massive stars.
3.4. Star formation in the surveyed region 3.4.1. Identification and classification of young stellar object candidates
Low-mass YSOs can be assigned into Class I, Class II and Class III objects according to their spectral indices (e.g., Evans et al. 2009 ). They represent different evolutionary stages throughout the whole life of low-mass YSOs. Class I and II objects are referred to as disk-bearing YSOs. To select the disk-bearing YSO candidates in the studied region (216.25
• ) 6 , we made use of the infrared data from the 2MASS and WISE surveys. The dusty circumstellar disks associated with the disk-bearing YSOs will create infrared excess, which causes their infrared colors to be different from the diskless Class III objects. On the other hand, it is impossible to distinguish the diskless YSOs and unrelated field objects only based on their infrared colors. Therefore, only the disk-bearing YSOs are investigated in this work.
Two methods are employed to select YSO candidates in this work. The first is only based on the WISE data, and the details of criteria are given in Koenig et al. (2012) Fig. 13b ). In method 2, the extinction used to deredden the photometry is estimated from its location in the J − H vs. H − K s color-color diagram as described in Fang et al. (2013) . The extinction law is based on the measurement of five nearby star-forming regions (Flaherty et al. 2007 ). The criteria for this method are also described in Koenig et al. (2012) . The targets were rejected when they were associated with 2MASS extended sources. As a result, we found 163 YSO candidates, of which 56 are Class I and 107 are Class II. All Class I YSO candidates are identified with method 1. Eighty-nine Class II YSO candidates are identified with method 1, and 18 with method 2. These identified disk-bearing YSO candidates are tabulated in Table D.1.
Distribution of young stellar object candidates
The spatial distribution of these YSO candidates is displayed in Fig. 14, in which nine MYSO candidates from the RMS survey are also shown. Figures 14b-d shows that most YSO candidates are distributed within molecular clouds, which is also observed in many other star-forming regions (e.g., Megeath et al. 2012; Fang et al. 2013 ). Comparing Fig. 14a with Fig. 14c , we find that most of bright thermal dust emission traced by 12 µm and 22 µm closely matches the morphology of the 27 km s −1 cloud, which suggests that most active star-forming activities occur in the 27 km s −1 cloud. No extended 12 µm and 22 µm emission is found toward the 15 km s −1 cloud, indicating that the dust temperature is colder in this region. Figure 14b shows YSO candidates in island I. Figure 14c shows that YSO candidates are found to lie in S287-main, tail, and knots, but are absent toward island II. This is presumably because island II is not dense enough to collapse and form stars. On the other hand, an overdensity of YSO candidates is found toward the HII region S287, indicating that triggered star formation may occur around this region. Significant YSO candidates coincide with the highest column density line of the filament. Class I YSO candidates are confined closer to the line than Class II YSO candidates. Particularly, eight MYSO candidates lie in the highest column density line. In the 50 km s −1 cloud, enhanced star formation is found around the intersection of shell B and shell C (indicated by the purple arrow in Fig. 14d ). Class I YSO candidates are found to be concentrated around the shells while the distribution of Class II YSO candidates is more random. Class I YSO candidates trace more recent star-forming activities, so that the concentration of Class I YSO candidates around the shells is indicative of sequential star formation. This is probably because the region is highly compressed by the expansion of shell B and shell C, probably triggering the formation of YSOs.
Discussion
Star formation efficiencies and rates
Star formation efficiencies (SFEs) and rates (SFRs) play an vital role in theoretical descriptions of star formation and cloud evolution (e.g., Kennicutt & Evans 2012) . SFE is defined as below
where M * is the total mass of YSOs and M cloud is the total cloud mass. SFEs vary from less than 0.1% to 50% with a median value of 2% among the molecular clouds in the inner Galaxy (Myers et al. 1986 ).
To calculate the total stellar mass, we made the following assumptions: (1) the mass distribution of YSOs follows the initial mass function (IMF) of Chabrier (2003) 
where m = M/M ⊙ . (2) According to previous studies toward Taurus and L1641, the disk fractions, defined as N(II)/N(II+III), are found to be 50%-60% (Luhman et al. 2010; Fang et al. 2013) . Here, we assumed a disk fraction of 50% for our case.
(3) We assumed that the lower limit of the identified YSO mass is based on 14 mag in 2MASS K s band, which corresponds to 3.3, 2.1, and 0.3 absolute magnitude in the 15 km s −1 cloud, the 27 km s −1 cloud, and the 50 km s −1 cloud. This results in lower 
Notes.
(a) The "Y" symbol indicates that the association with MYSO candidates has been observed while the "N" symbol indicates that it has not been observed. mass limits of 0.2, 0.6, and 2.7 M ⊙ for the three clouds according to the model of Siess et al. (2000) , assuming that their ages are all 1 Myr. On the other hand, the upper limit in the IMF will not affect the total mass significantly and was thus simply assumed to be 80 M ⊙ . Given that we do not have spectroscopic information of YSOs, whether YSOs are associated with molecular clouds or not depends only on their spatial distribution. By cross-matching YSOs and the molecular clouds (see Fig. 14 Taking the MYSO candidates into account and assuming a disk fraction of 50%, we find that the total number of YSOs is 18, 140 and 97 in the 15 km s −1 cloud, the 27 km s −1 cloud, and the 50 km s −1 cloud. With the IMF and the assumptions described above, the total stellar mass of the three clouds is estimated to be 10 M ⊙ , 885 M ⊙ and 7288 M ⊙ . We note that the number of YSOs in the 15 km s −1 cloud is too small and statistically unimportant, therefore the derived total stellar mass may have a large uncertainty. The total stellar mass of the 50 km s −1 cloud probably is significantly overestimated since the lower limit mass (2.7 M ⊙ ) in the IMF derived from the K s band magnitude is too high and its total YSO number may be contaminated by foreground YSOs or circumstellar material such as post-AGB stars at such a far distance (5.40 kpc) (Vieira et al. 2011) . The discussions below therefore only focus on the 27 km s −1 cloud. Since a part of molecular gas is detected in 12 CO, but not in 13 CO, the mass derived from 13 CO is the lower limit of the total cloud mass. As pointed out by Heiderman et al. (2010) , 13 CO may underestimate the mass by a factor of about 4-5, which suggests that the total cloud mass of the 27 km s −1 cloud is about 1.0×10 5 M ⊙ (a correction factor of 4 applied for the mass derived from 13 CO). Along with the mass (8.3×10 4 M ⊙ ) derived from 12 CO, the SFEs of the 27 km s −1 cloud is thus estimated to be 1.1% and 0.9%. Therefore, the SFE of the 27 km s −1 cloud is lower than the SFEs (3.0%-6.3%) in nearby clouds (Evans et al. 2009 ) and the median value (2%) of the molecular clouds in the inner galaxy (Myers et al. 1986 ). This suggests that molecular clouds in the outer Galaxy may have lower SFEs.
We also calculated the SFR of the 27 km s −1 cloud with the total mass of YSOs by
where τ is the average age of YSOs assumed to be 2 Myr (e.g., Evans et al. 2009 ). This results in an SFR of 443 M ⊙ Myr −1 for the 27 km s −1 cloud. The SFR for the 27 km s −1 cloud is found to be higher than individual nearby clouds such as the Perseus, Serpens, and Ophiuchus clouds. This is mainly due to its larger size, since the SFR surface density (0.28 M ⊙ yr −1 kpc −2 ) is similar to those of individual nearby clouds (Heiderman et al. 2010) .
On the other hand, we can estimate the SFR surface density from the Kennicutt-Schmidt law employed for other galaxies (Kennicutt 1998 ) with the formula
where Σ(SF) is the SFR surface density, Σ(gas) is the gas surface density. To be consistent with Kennicutt (1998) , we used the gas surface density of 53 M ⊙ pc −2 derived from 12 CO to calculate the expected SFR surface density for the 27 km s −1 cloud, and obtain a value of 0.065 M ⊙ Myr −1 pc −2 which is a factor of 4 lower than the observed value of 0.28 M ⊙ yr −1 kpc −2 . This is consistent with the observations toward nearby clouds (Heiderman et al. 2010; Lada et al. 2010 ).
Fragmentation in the filament S287-main
Filaments are found to be ubiquitous in molecular clouds and are thought to be going to fragment into prestellar cores (e.g., André et al. 2010) . Some of them have the capability of forming massive stars and clusters (e.g., Henning et al. 2010) . S287-main is such a filament, where the optical HII region S287 and the stellar association OB3 are located (see Fig. 3c and Fig. 5a ), indicating that these OB stars may form out of the filament. Moreover, there are massive clumps along the highest H 2 column density line of the filament (see Figs. 10a and 11a) , and these clumps are most likely to form massive stars (see Sect. 3.3) .
Along the highest H 2 column density line of the filament, the mean excitation temperature is 17 K. If the CO population is fully thermalized, the kinetic temperature is equal to the excitation temperature. According to an unmagnetized isothermal filament model (Ostriker 1964; Inutsuka & Miyama 1992 , 1997 , the critical line mass (mass per unit length) of the filament is M line,crit = 2c 2 s /G, where c s is the sound speed and G is the gravitational constant. Thus, the critical line mass of S287-main is found to be 27 M ⊙ pc −1 . Following previous studies (e.g., André et al. 2010; Arzoumanian et al. 2011; Samal et al. 2015) , we first investigated the radial profile perpendicular to the highest H 2 column density line, and then used a Gaussian fit to the radial profiles. We find a characteristic width of 1.8 pc. By integrating over the characteristic radial extent of S287-main, the filament is found to harbor a mass of 1.5×10 4 M ⊙ , consist of 59% mass of the 27 km s −1 cloud derived from 13 CO (see Sect. 3.1). Dividing the length (71 pc) of S287-main by the mass of filament, we obtain an observed line mass of 211 M ⊙ pc −1 , which is much higher than the critical line mass. This suggests that S287-main is supercritical. S287-main is thus unstable to perturbation and fragments into clumps. This is well consistent with the fact that clumps and YSOs lie along the highest H 2 column density line of S287-main (see Fig. 10a, 11a and 14c) .
To further investigate the fragmentation, we also compared observed parameters with theoretical models. In the turbulent fragmentation model of an isothermal gas cylinder (e.g., Chandrasekhar & Fermi 1953; Inutsuka & Miyama 1992 , 1997 Jackson et al. 2010; Wang et al. 2014) , the filament will fragment into clumps separated by a typical spacing of
where δ v is the turbulent velocity dispersion, and ρ is the gas density at the center of the filament. From Table 4 and 6, we used the line widths of 13 CO to obtain the turbulent velocity dispersion. The typical turbulent velocity dispersion is consequently about 1 km s −1 . Based on Table 5 and 6, we adopted 10 4 cm −3 as the gas density at the center of the filament. This resulted in a theoretical spacing of 4.2 pc between clumps. This is similar to the observed separations (0.8-8 pc) of clumps in the filament. This agrees with previous studies (e.g., Jackson et al. 2010; Su et al. 2015) . It suggests that turbulent fragmentation plays an important role in fragmenting the filament into clumps. In a model of gravitational fragmentation (Hartmann 2002) , the fragmentation length (λ c ) and the corresponding collapse timescale (τ) for the filament are
where c s is the sound speed, Σ is the surface density at the center of the filament, A v is the visual extinction, and T 10 is the temperature in units of 10 K. Along the highest H 2 column density line of the filament, the mean column density is 9.2×10 21 cm −2 , which corresponds to a mean visual extinction of ∼10 mag (according to N(H 2 ) = 9.4 × 10 20 cm −2 (A V /mag), Bohlin et al. 1978) . Hence, the fragmentation length is ∼0.3 pc, and the corresponding collapse timescale is 0.4 Myr. We explored the projected nearest neighbor separations of the Class I YSO candidates associated with the filaments, which ranges from 0.18 pc to 3.0 pc with a median of 1.05 pc. As pointed out by Hartmann (2002) , the effective sound speed may have additional contributions from other complex motions which will increase the fragmentation length by a factor of a few. This could explain why significant portions of separations are larger than 0.3 pc. Furthermore, the predicted collapse timescale coincides with the lifetime of Class I YSOs (∼0.5 Myr Evans et al. 2009; Fang et al. 2013 ). On small-scales, our results support the hypothesis that the formation of YSOs roughly agrees with the model of gravitational fragmentation, consistent with previous studies toward other filaments (Hartmann 2002; Samal et al. 2015) . Therefore, we suggest that turbulence controls large-scale fragmentation in the filament, while gravitational fragmentation plays an important role in YSOs fragmentation on small scales.
Comparison of star-forming molecular gas with non-star-forming molecular gas
Here, we divided molecular gas into two types, star-forming and non-star-forming, to compare their properties. Molecular gas associated with YSO candidates was assigned to be star forming while molecular gas without YSO counterparts was assigned to be non-star forming. The two types of molecular gas are only identified by the spatial distribution correlation between YSO candidates and molecular clouds. To avoid the effects that the clouds in different environments (e.g., in different arms) may have different properties, we only carried out the comparison toward the 27 km s −1 cloud. We carried out a Kolmogorov-Smirnov test (K-S test) to investigate the difference between the two types of molecular gas. Based on their cumulative distributions of physical properties (Fig. 15) , the K-S test confirms that the null hypothesis that the two distributions are the same can be rejected for excitation temperature, 13 CO (1-0) opacity, and H 2 column density with greater than 3σ confidence (all the probabilities of similarity are found to be ≪0.003, to reject the null hypothesis with ≥3σ confidence the probability must be <0.003). Figure 15a shows that star-forming molecular gas tends to have a higher excitation temperature than non-starforming molecular gas. This most likely attribute to the heating of YSOs. Figures 15b and 15c demonstrate that star-forming gas has a higher 13 CO (1-0) opacity and a higher H 2 column density than non-star-forming molecular gas, suggesting that star formation occurs in denser molecular gas. This is consistent with the fact that dense gas in molecular clouds regulates star formation from Galactic star-forming regions to external galaxies (Gao & Solomon 2004; Wu et al. 2005; Lada et al. 2010 ).
4.4. Dense gas mass fraction in the 27 km s −1 cloud
At present, star formation is believed to be regulated by dense gas in molecular clouds (e.g., Gao & Solomon 2004; Wu et al. 2005) . Lada et al. (2010 Lada et al. ( , 2012 found that the SFR and molecular mass linearly correlate well with the same dense gas fraction ( f DG ) for both local Galactic clouds and a sample of external galaxies, and proposed f DG as a fundamental parameter of star formation. Here, we used the BGPS 1.1 mm dust emission and our CO observations to investigate the dense gas fraction of the 27 km s −1 cloud since the dust emission mainly originates in the 27 km s −1 cloud (see Fig. 16 ). Although the coverage of the BGPS 1.1 mm dust emission is only about 45% of our mapped region (see Fig. 11a ), the dust emission covers most of the prominent 13 CO (1-0) emitting regions, and thus those regions not covered by the BGPS 1.1 mm dust emission are assumed to be free of dust emission. We took the dust emission above the threshold of a flux density of 0.09 Jy beam −1 (3σ in the convolved image, indicated by the contour in Fig. 16 ) into account. The dust contours above the threshold were rechecked by eye, and the emission with a low fidelity (e.g., the dust contours without 13 CO (1-0) counterparts) or not associated with the 27 km s −1 cloud was manually discarded. We used Eqs. (3) and (A.1) to estimate the total mass of dense gas in the cloud. From Eq. (3), we see that the total mass of dense gas is subject to dust temperatures. Previous surveys showed that the dust temperature is about 10-20 K in the Milky Way Planck Collaboration et al. 2011) . Toward the dust clumps, the CO excitation temperature is found to be 15-29 K (see Table 6 ). Here, we assumed an average dust temperature from 10 K to 25 K for the dense gas in the 27 km s −1 cloud. Thus, the total mass of dense gas is estimated to be from 2700 M ⊙ to 694 M ⊙ .To be consistent with the literature, we used the cloud mass derived from 13 CO to calculate the dense gas fraction ( f DG ), which is estimated to be from 10.4% (T d = 10 K) to 2.7% (T d = 25 K). As a result, the f DG of this cloud is in the range of 2.7%-10.4%. This is similar to the 6.5% of the Gemini OB1 molecular cloud and is roughly consistent with the statistical result (7 +13 −5 )% toward giant molecular clouds of the Galactic Ring Survey (Battisti & Heyer 2014 ) and the 2%-12% toward giant molecular filaments (Ragan et al. 2014) .
Summary
Based on the Milky Way Imaging Scroll Painting (MWISP) project and the archival data, we have performed a study of molecular clouds and star formation toward the region within 216.25
The main results are as follows.
1. We decomposed the observed emission in this region into three molecular clouds, the 15 km s −1 cloud, the 27 km s −1 cloud, and the 50 km s −1 cloud, in the surveyed region. The 50 km s −1 cloud was resolved with an angular resolution of ∼1 ′ for the first time. The properties of the three clouds were investigated and are tabulated in Table 2 . 2. By investigating the morphologies and velocity structures of the molecular clouds, we found that the 27 km s −1 cloud probably is affected by feedback from the stellar association Mon OB3, and the 50 km s −1 cloud is characterized by three large expanding molecular shells which are resolved for the first time. 3. This is the first time that the region was mapped in C 18 O (1-0). In the 27 km s −1 cloud, we found seven C 18 O clumps that are likely to form massive stars. Their masses range from 377 M ⊙ to 1165 M ⊙ , and their virial parameters are all lower than unity. Based on the Bolocam Galactic Plane Survey (BGPS) 1.1 mm dust emission, we found 15 dust clumps, which have masses ranging from 26 M ⊙ to 1093 M ⊙ . Six of these dust clumps are associated with C 18 O clumps. 4. Based on 2MASS and WISE data, we identified 56 Class I and 107 Class II young stellar object (YSO) candidates with the color-color diagrams. The YSO distribution showed enhanced star formation around the HII region S287 and the intersection of shell B and shell C, probably indicative of triggering. 5. By counting the YSOs and assuming a universal initial mass function (IMF), the star formation efficiency (SFE) of the 27 km s −1 cloud was estimated to be lower than the SFE in the nearby clouds and the median value of the molecular clouds in the inner galaxy. Assuming the average age of YSOs to be 2 Myr, the star formation rate (SFR) of the 27 km s −1 cloud was found to be 443 M ⊙ Myr −1 , and its SFR surface density of 0.28 M ⊙ yr −1 kpc −2 is similar to those in individual nearby clouds. 6. From comparing the observed values of the filament S287-main with the models of fragmentation, we suggest that the turbulence controls the large-scale fragmentation in the filament while gravitational fragmentation plays an important role in the formation of YSOs on small scales.
7. From comparing star-forming molecular gas with non-starforming molecular gas, we find that star-forming gas tend to have a higher excitation temperature, higher opacity, and higher column density than non-star-forming gas, indicating that star formation occurs in denser gas and star-forming gas is heated by YSOs. 8. Using the 1.1 mm dust emission to trace dense gas, we derived a dense gas fraction ( f DG ) of 2.7%-10.4% for the 27 km s −1 cloud.
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